Median nerve blocks were performed in 10 volunteers in a randomized, double-blind, crossover study to compare the effects of 1% plain lidocaine with 1% lidocaine in sodium bicarbonate 0.1 mmol litre -1 . Sensations of hot, cold, pinprick and light touch, compound motor and sensory nerve action potentials, and skin temperature were assessed at 2-min intervals. pH was 6.4Ϯ0.1 for plain lidocaine and 7.7Ϯ0.2 for alkalinized lidocaine (PϽ0.001). Alkalinized lidocaine produced more rapid inhibition of compound motor action potentials than plain lidocaine (median 4 (range 2-6) vs 9 (2-14) min) (Pϭ0.039). Alkalinized lidocaine also produced more rapid onset of inhibition of compound motor than sensory nerve action potentials (4 (2-6) vs 8 (4-12) min) (Pϭ0.0039). There was no significant difference in any other sensory modality between alkalinized and plain lidocaine. These data suggest that addition of bicarbonate to lidocaine for median nerve block significantly increased the rate of motor block without changing the onset or extent of sensory block. Different sensory modalities, such as sensations of touch, nerve fibre transmission using both objective sensory, motor and multiple modality subjective sensory data as we have cold, warm and pain, have been known to be inhibited with done in previous studies. 14-16 Here, we measured onset of different delays after application of local anaesthetics to block of the median nerve with lidocaine to test our nerves. 1 This phenomenon of different susceptibility of hypothesis that addition of bicarbonate uniformly speeds nerve modalities to local anaesthetics is known as differenthe onset of anaesthesia in all modalities. Our data rejected tial nerve block. During regional anaesthesia, differential this hypothesis as we observed a significant reduction in block can be observed during onset, at steady-state and the delay of onset of motor block, without a commensurate during offset, and drug effects at all three times may change in the onset of sensory block. guide local anaesthetic selection. For surgical anaesthesia, analgesia is paramount, but the extent of motor nerve block and speed of onset often determines the efficiency and Subjects and methods success of the block. However, the labouring parturient After obtaining approval from the Clinical Research Pracseeks rapid onset of analgesia with minimal motor block. tices Committee and informed consent, we studied 10 Patients suffering from myofascial pain disorders may volunteers undergoing bilateral median nerve block. No benefit from selective block of motor nerves while main-subject had clinical or electrodiagnostic findings consistent taining sensory function. Therefore, understanding differen-with median nerve dysfunction. Both dominant and nontial and steady-state block and interpreting findings of block dominant median nerves were studied in random order. of specific modalities with specific local anaesthetics are Median nerve block was performed after preparation of critical to achieving greater success with regional anaesthe-the skin with isopropyl alcohol. A 22-gauge B-bevel needle sia and analgesia.
Different sensory modalities, such as sensations of touch, nerve fibre transmission using both objective sensory, motor and multiple modality subjective sensory data as we have cold, warm and pain, have been known to be inhibited with done in previous studies. [14] [15] [16] Here, we measured onset of different delays after application of local anaesthetics to block of the median nerve with lidocaine to test our nerves. 1 This phenomenon of different susceptibility of hypothesis that addition of bicarbonate uniformly speeds nerve modalities to local anaesthetics is known as differenthe onset of anaesthesia in all modalities. Our data rejected tial nerve block. During regional anaesthesia, differential this hypothesis as we observed a significant reduction in block can be observed during onset, at steady-state and the delay of onset of motor block, without a commensurate during offset, and drug effects at all three times may change in the onset of sensory block. guide local anaesthetic selection. For surgical anaesthesia, analgesia is paramount, but the extent of motor nerve block and speed of onset often determines the efficiency and Subjects and methods success of the block. However, the labouring parturient After obtaining approval from the Clinical Research Pracseeks rapid onset of analgesia with minimal motor block. tices Committee and informed consent, we studied 10 Patients suffering from myofascial pain disorders may volunteers undergoing bilateral median nerve block. No benefit from selective block of motor nerves while main-subject had clinical or electrodiagnostic findings consistent taining sensory function. Therefore, understanding differen-with median nerve dysfunction. Both dominant and nontial and steady-state block and interpreting findings of block dominant median nerves were studied in random order. of specific modalities with specific local anaesthetics are Median nerve block was performed after preparation of critical to achieving greater success with regional anaesthe-the skin with isopropyl alcohol. A 22-gauge B-bevel needle sia and analgesia.
was used. The needle was inserted lateral to the palmaris Altering pH can modify the properties of local anaesthesia longus tendon on the volar aspect of the wrist and advanced during onset of block or at steady state. 2-5 Numerous studies until it was felt to pass through the flexor retinaculum. have reported increased potency and more rapid onset of Paraesthesia was not sought, and if it occurred, the needle block with alkalinized local anaesthetics. 6-13 However, the was repositioned. Plain lidocaine HCl 1% (5 ml) (Astra effect of alkalinization of local anaesthetics on differential Pharmaceuticals, Westboro, MA, USA) mixed with normal nerve block has not been studied using multiple modality saline 0.1 ml ml -1 or sodium bicarbonate 100 mmol litre -1 (8.4% NaHCO 3 0.1 ml ml -1 ) was injected over 30-45 s testing. In this study, we have assessed inhibition of median We chose to study 10 volunteers, assuming that the variability in measurements would be comparable with that in previous studies, and that the difference which we wished There were no differences between alkalinized and plain to detect was (at a minimum) comparable with that between lidocaine in the time delay until a 'just noticeable' difference saline and 0.25% lidocaine. A power analysis was performed was detected after injection (Table 1) . Increasing the pH of based on a one-sided Fisher's sign test (we assumed that the lidocaine solution had a significant effect only on CMAP alkalinization would not increase the delay of onset).
inhibition (Table 1) . Alkalinization had no effect on median Assuming that the latency of one drug would be greater time to the first noticeable difference for CMAP, which was than the other drug 90% of the time, we calculated that a 2 (range 2-6) min for plain lidocaine compared with 2 (2-sample size of eight patients should find a significant 4) min for alkalinized lidocaine. Similarly, alkalinization difference with 81% power. had no effect on median time to first noticeable difference The pH of the local anaesthetic is reported as mean in SNAP (2 (2-4) min for plain vs 2 (2-4) min for (SEM). A t test was used to determine pH differences. All alkalinized lidocaine). Furthermore, there was no significant other values are expressed as median (range). Statistical significance was tested for all objective and subjective difference between motor block (as measured by CMAP) motor and sensory modalities using Fisher's sign test. and sensory block (as measured by SNAP) with either plain Confidence intervals for drug differences with respect to or alkalinized lidocaine for the time to first noticeable each end-point were determined using Thompson's difference. method. 19 Statistical analysis was performed using the SAS Inhibition of CMAP occurred more rapidly with (SAS Institute, Cary, NC, USA) program. PϽ0.05 was alkalinized than plain lidocaine (Table 2 ). Time to half judged significant. maximal effect was significantly reduced with alkalinized (4 (2-6) min) compared with plain (9 (2-14) min) lidocaine
Results
(Pϭ0.02). Motor and sensory block were achieved at approximately the same rate with plain lidocaine; thus there pH was 6.4 (0.1) (nϭ10) for plain lidocaine and 7.7 (0.2) (nϭ10) for alkalinized lidocaine (PϽ0.001).
was no difference between CMAP and SNAP for time to Discussion half maximal effect. Conversely, motor block was achieved more rapidly than sensory block with alkalinized lidocaine; In this study, we used a previously established model to time to half maximum effect for CMAP was 4 (2-6) min systematically test if alkalinization of lidocaine differentially compared with 8 (4-12) min for SNAP (Pϭ0.0039). These altered multiple sensory nerve modalities or motor nerve results were mirrored in our comparisons of area under the function. 14-16 Quantitative and semi-quantitative objective effect vs time curves (Table 3) . After injection of alkalinized and subjective data were collected. The median nerve was lidocaine, inhibition of CMAP (median area 387 (245-used as a simple and reproducible model of nerve block. 1273)) occurred significantly faster than that of SNAP Although multiple sensory modalities were tested, alkaliniz-(area 816 (308-1682)). The difference between plain and ation had no significant effect. In contrast, alkalinization alkalinized lidocaine was also significant for CMAP. Never-increased the speed of onset of motor nerve block, as theless, at steady state, there was no difference in the degree measured objectively using CMAP. of inhibition of SNAP and CMAP with either plain or Previous investigators have reported effects of alkalinized alkalinized lidocaine (Fig. 1) .
local anaesthetics on various types of nerve block. 6-13 20-24 There were no differences between plain and alkalinized Generally, these studies measured only the delay in onset lidocaine for time of onset, time to half maximal effect or of pinprick analgesia. Alkalinization has been shown to extent of steady-state inhibition of hot, cold or pinprick increase onset, potency and duration of block. 6-13 However, sensations (Fig. 2, Tables 1-3) . Also, light touch perception, reports of no effect of alkalinization have also been pubas measured using Von Frey filaments, showed similar onset lished. [20] [21] [22] [23] The effects of bicarbonate varied depending on and extent of inhibition (Tables 1-3) . Skin temperature the local anaesthetic used, other additives (e.g. epinephrine), increased significantly after local anaesthesia, but in a type of nerve block, and the definitions used for onset and extent of nerve block. In some studies, a bicarbonate effect similar manner in the two groups (Fig. 3, Tables 1-3) . on skin temperature. Data are percentage of the initial temperature (°C). on sensory nerve action potentials (SNAP) and compound motor action There was no difference between plain lidocaine and lidocaine with potentials (CMAP). Data are percentage of the initial amplitude of the bicarbonate. Consistent with our previous experience, most subjects action potential waveform elicited by supramaximal simulation of the demonstrated a decline in skin temperature, presumably from a sympathetic median nerve. Lidocaine with bicarbonate produced a significant effect on response to the pain of injection, before demonstrating an increase in CMAP (Pϭ0.02), as measured by time to half maximum effect. The effect temperature as a result of C-fibre (or preganglionic B-fibre) inhibition and of bicarbonate on CMAP was different than that on SNAP (PϽ0.02).
vasodilatation. Data are median values. There was no effect of bicarbonate inhibition of SNAP and there was no significant difference between SNAP and CMAP after injection of plain lidocaine. At steady state, inhibition was similar for plain lidocaine and lidocaine with bicarbonate. All data are median values.
on speed of onset but not affecting the overall extent of block may have been overlooked. 21 Similarly, inability to detect differences between alkalinized and plain local anaesthetic may be a result of insensitive, qualitative measures of motor and sensory block. 20 Finally, the conflicting results may be attributable partially to the differential effect of the alkalinization on sensory and motor nerve fibres. Repeated testing over time, attention to speed and overall or steady-state block, use of objective data and multiple modality subjective testing puts our results in context with other study designs. In light of our observations, most likely only onset of motor block was significantly hastened by alkalinization with bicarbonate for median nerve block (and probably other peripheral nerve blocks also). Furthermore, the difference detected was transient, occurring only during onset and only with a single modality.
In our study, addition of sodium bicarbonate to lidocaine significantly increased the solution pH, which may affect local anaesthetic block in several ways. Increasing extracellular pH with a constant extracellular local anaesthetic concentration results in greater intracellular local anaesthetic concentration and more complete inhibition of sodium currents, whether or not intracellular carbon dioxide or pH changes. 25 When extracellular pH is increased by addition of bicarbonate, decreased intracellular pH through diffusion of carbon dioxide (produced from the reaction of H ϩ and HCO 3 -in extracellular fluid) may also play a role in enhancing local anaesthetic block through protonation of intracellular free-base local anaesthetic ('ion trapping') and action on local anaesthetic binding to the sodium channel. 26 However, the role of these various effects in producing block may be a reliable and early marker for the sensory block that is ultimately achieved. differential motor vs sensory nerve block is unclear, particularly during regional anaesthesia in humans.
Why should bicarbonate influence the onset of motor but epinephrine has had no significant effect on block whereas Anaesthesia 1996; 51: 185-8 significant differences were noted with epinephrine-local 11 Benzon HT, Toleikis JR, Dixit P, Goodman I, Hill JA. Onset, anaesthetic mixtures. 9 23 30 In our study, plain lidocaine was intensity of blockade and somatosensory evoked potential changes compared with epinephrine-free alkalinized lidocaine, and of the lumbosacral dermatomes after epidural anesthesia with significant differences were found only for motor block. demonstrate increased block at steady state when bicar-18 Head H. Methods of Examining Sensation. Studies in Neurology, vol. bonate was added to the local anaesthetic. Thus we cannot 
